Abstract. Numerical computation with Transition k-kl-ω model is conducted to investigate the heat transfer characteristics for the single jet impingement cooling. The effects of the jet Reynolds number and the impingement spacing (jet-to-surface spacing, Zn/D) on heat transfer characteristic are researched. Results show that the numerical predictions are in good agreement with the analytical solution and experiment data. The maximum value of the Nusselt number is located in X/D=0.75. The bigger Reynolds number is, the better cooling effect is. There exists an optimal impingement spacing for heat transfer effect, the Nusselt number could reach the highest value in Zn/D=4.
Introduction
As an efficient heat exchange technology, the impingement cooling has been widely applied in the hot end components (eg. turbine blade) of gas turbine engine and enhancing cooling of the other thermal power installations. Metzger et al. [1] [2] [3] firstly investigated the principle of the impingement cooling, and they summarized the influence factors of heat transfer of porous vertical impingement cooling plate. Osama [4] analyzed the flow field distribution of jet impingement for the single jet impinging solid surface vertically. Florschuetz et al. [5] studied the effect of cross flow on Nusselt number. With the rapid development of computer technology, numerical simulation has becomes a powerful tool to study the jet impingement cooling. The heat transfer characteristics of impingement cooling have been investigated by a large number of researchers. However, the studies about the influence factors of heat transfer effect of the impingement cooling are not sufficient. Therefore, in this paper, we numerically simulate the heat transfer characteristics of the single jet impingement cooling, and analyze the influence of the jet Reynolds number and the impingement spacing (jet-to-surface spacing) on the heat transfer effect.
Model equations
The continuity, momentum and energy equations are shown as follows
where S M are the momentum source term, S E are the energy source term, and h * are the total enthalpy.
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Calculation conditions
The calculation model of single jet is presented in Fig. 1(a) . We select jet diameter D=1.2mm. The symmetry boundary is used for reducing calculated amount. The mass flux is given at the jet inlet (the mass flux m=ReπD/4), and the total temperature is set to 300K. We set four outlet orientation and adopt the pressure outlet. A constant heat flux of 20KW/m 2 is used for target wall, and the other walls are set to adiabatic and no-slip boundary conditions. Fig. 1(b) shows the mesh generation, and the boundary layer mesh is generated on the fluid-solid interface. We employ the pressure-based steady state solver and the transition k-kl-ω model. The enhanced wall treatment is used for wall treatment, and SIMPLE algorithm is adopted for pressure-velocity coupling. The discretization schemes of all physcial quantities are second order upwind scheme. The residual error is set to 10 -4 . Due to velocity of gas is smaller than 0.3 Ma, the assumption of incompressible fluid is reasonable. The material of solid zone is selected to carbon steel. We selecte four grid numbers: 0.27 million, 0.45 million, 0.67 million and one million. We find that the grid number of 0.67 million is enough to satisfy the computing requirement. Fig. 2 shows the Nusselt number (Nu) on the target wall and velocity distribution on the section along X direction of center jet in Re=5000. It can be seen that the distribution of Nu is radiation, and the variation of Nu is close to function of radius. Nu in the center of stationary point is smaller than that the downstream region. The impingement flow is a sort of jet flow, and it forms the bounded jet because the jet flow is obstructed by the target wall in the direction of forward motion, which is different from free jet. It can be seen that, from corresponding velocity distribution, the axial velocity decreases all the way after jet flow erupts from jet hole. The flow is in jet flow core area and impinges wall (the jet flow is not fully developed), and then the jet flow rotates in free shear layer and wall boundary layer and enters into break over region (it also known as stationary point region). In the stationary point region, the axial velocity (z direction in Fig.2 ) and the component of velocity of perpendicular to axis do not equal zero. The closer the distance of jet flow and target wall is, the smaller axial velocity is, but the larger the component of velocity of XY plane is. In this region, the jet flow deflects 90° and enters into the wall jet area (fluid flow is parallel to target wall in this region). With the increasing of Reynolds number, the Nusselt number increases and the heat transfer effect is enhanced. In each Reynolds number, the local Nusselt number is not monotonously change along the target wall, but it has a peak distribution in the range of Reynolds number in this paper. The maximum value is located in X/D=0.75, and the larger Re is, the more obvious peak distribution is. The heat transfer characteristic is closely related to the flow characteristic. The boundary layer of stationary point region is usually laminar boundary layer and extremely thin, so the coefficient of heat transfer is large. Once the stationary point region end, the boundary layer turns into the turbulent boundary layer in the wall jet region and the Nusselt number suddenly rises. One can conclude that the transition position is about located in X/D=0.75 where is the position of the end of the stationary point region and the start of the wall jet region. The local Nusselt number reflects the variation trend of local cooling effect in impingement cavity, which is contributed to understand the distribution of heat transfer and flow field. In the practical engineering application, however, the global cooling effect is also concerned, namely, the average Nusselt number. The simulated average Nusselt number on the target wall is compared with analytical solution and experiment data at the different Reynolds number in Fig. 4 . The numerical predictions are in good agreement with the analytical solution and experiment data. When Reynolds number is larger than 8000, especially, our results have maximum relative errors of 1% with analytical solution and 5% with experiment data. This illustrates the average heat transfer characteristic of target wall structure can be excellently predicted by using the transition k-kl-ω. Re=20000  Fig.4 The average Nusselt Number at the different Reynolds number Fig. 5 provides the variation of Nu with impingement spacing (Z n /D) at the different Reynolds number. The maximum Nusselt Number presents in Z n /D=4, that is to say the cooling effect is the best in here. The distribution of Nu is basically consistent in Z n /D=1 and Z n /D=2. In Re=5000-10000, the distribution of Nu in Z n /D=3 is basically consistent with in Z n /D=1 (and Z n /D=2), but the former is apparently higher than the latter in Re=15000 and 20000. When Re=5000 and 8000, the cooling effect (Nu) in Z n /D=7.5 has less difference with in Z n /D=4, while the Nu of the former is obviously lower than the latter in Re>10000. From Fig. 5 it can be also seen that the transition position in the stationary point region migrates by changing the impingement spacing. The larger impingement spacing is, the closer transition position with the central position stationary point of is. Fig.5 The variation of Nu with impingement spacing at the different Reynolds number
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Conclusion
In this work, we investigate the heat transfer characteristics for single jet impingement cooling by using transition k-kl-ω model. The results indicate that the numerical predictions are in good agreement with the analytical solution and experiment data. Especially, our results have maximum relative errors of 1% with analytical solution and 5% with experiment data in Re>8000. Nu has a peak distribution in the range of Re in this paper, and the maximum value is located in X/D=0.75. The larger Re is, the more obvious peak distribution is. The bigger Re is, the better cooling effect is. With the increasing of impingement spacing, Nu increases and then reduces. The optimum impingement spacing is Z n /D=4.
